When a moving surface alternates in colour and direction, perceptual couplings of colour and motion can differ from their physical correspondence. Periods of motion tend to be perceptually bound with physically delayed colours -a colour/motion perceptual asynchrony. This can be eliminated by motion transparency. Here we show that the colour/motion perceptual asynchrony is not invariably eliminated by motion transparency. Nor is it an inevitable consequence given a particular physical input. Instead, it can emerge when moving surfaces are perceived as alternating in direction, even if those surfaces seem transparent, and it is eliminated when surfaces are perceived as moving invariably. For a given observer either situation can result from exposure to a common input. Our findings suggest that neural events that promote the perception of motion reversals are causal of the colour/motion perceptual asynchrony. Moreover, they suggest that motion transparency and coherence can be signalled simultaneously by subpopulations of direction-selective neurons, with this conflict instantaneously resolved by a competitive winner-takes-all interaction, which can instantiate or eliminate colour/motion perceptual asynchrony.
A B S T R A C T
When a moving surface alternates in colour and direction, perceptual couplings of colour and motion can differ from their physical correspondence. Periods of motion tend to be perceptually bound with physically delayed colours -a colour/motion perceptual asynchrony. This can be eliminated by motion transparency. Here we show that the colour/motion perceptual asynchrony is not invariably eliminated by motion transparency. Nor is it an inevitable consequence given a particular physical input. Instead, it can emerge when moving surfaces are perceived as alternating in direction, even if those surfaces seem transparent, and it is eliminated when surfaces are perceived as moving invariably. For a given observer either situation can result from exposure to a common input. Our findings suggest that neural events that promote the perception of motion reversals are causal of the colour/motion perceptual asynchrony. Moreover, they suggest that motion transparency and coherence can be signalled simultaneously by subpopulations of direction-selective neurons, with this conflict instantaneously resolved by a competitive winner-takes-all interaction, which can instantiate or eliminate colour/motion perceptual asynchrony.
Introduction
When a visual stimulus alternates in colour and motion direction, instances of motion can bind perceptually with physically delayed colours (by ∼100 ms, see Moutoussis & Zeki, 1997a , 1997b . The magnitude of this perceptual asynchrony is not fixed, as it tends to scale with the magnitude of differences between successive motion directions (Arnold & Clifford, 2002; Bedell, Chung, Ogmen, & Patel, 2003) . More striking still, the effect can be eliminated altogether in the presence of motion transparency (Clifford, Spehar, & Pearson, 2004; Moradi & Shimojo, 2004) .
Motion transparency has been achieved in studies of colour/motion perceptual asynchrony by either rapidly alternating different fields of dots (Moradi & Shimojo, 2004) , or by desynchronising direction reversals of individual elements within multi-element displays (Clifford et al., 2004) . In the former case, the authors proposed that the colour/ motion perceptual asynchrony was eliminated by transparency as perceptual bindings of colour and motion were skewed in strength toward early stages of motion analysis. Holcombe (2009) made a similar suggestion -that the colour/motion asynchrony arises because perceptual binding favours early instances of colour. Both accounts predict that the optimal conditions for perceptually binding colour and motion would be when alternations in colour and direction are physically synchronous. Arnold (2005) , however, showed that bindings could be identified more readily when colour changes are physically delayed relative to direction reversals. This suggests that neural analyses of motion are delayed relative to colour when the colour/motion perceptual asynchrony is experienced (also see Arnold, Clifford, & Wenderoth, 2001) . Clifford et al. (2004) attributed the advent of transparency to the continual presence of a common motion signal within spatio-temporally defined RFs. These authors further suggested that the characteristics of the relevant RFs were consistent with the response properties of cells in the human analogue of MT (Qian, Anderson, & Adelson, 1994a , 1994b . Specifically, these authors suggested that transparency would be promoted, and colour/motion perceptual asynchrony eliminated, when a persistent motion signal was present within spatial regions subtending ∼2 degrees of visual angle (dva) at the retinae. This implies that motion transparency will be contingent on the physical properties of input.
To further investigate the importance of continual motion signals within defined spatial regions, we constructed a stimulus that had two groups of elements alternating between opposite directions in counterphase. The most important feature of these stimuli was that the individual elements in the two groups of moving elements had a fixed minimal separation at points of motion reversal (see Fig. 1 ). We did this because in previous investigations moving elements promoting
